Metal-on-metal (MoM) hip articulations allow the use of larger-diameter femoral head sizes than other constrained articulation types like metal-on-polyethylene (MoP) and ceramic-on-ceramic (CoC) total hip arthroplasties (THAs), where a liner must be interpositioned between the femoral head and the metal shell. Large-diameter MoM hip articulations more closely mimic the natural human anatomy; they improve joint stability and reduce the incidence of postoperative dislocation ([@CIT0021]). Furthermore, they reduce the volume of wear particles, which has been considered advantageous from a quality and bearing perspective since wear particles from in MoP bearings are clearly associated with osteolysis and aseptic loosening in THA. MoM hip articulations have therefore been recommended worldwide in the past decade and used for younger patients with high activity levels. Although volumetric wear rates at the surfaces of MoM bearings are 20 times lower than those of conventional MoP bearings, and although the wear particles are typically smaller than 50 nm ([@CIT0009]), the number of nano-sized metal particles generated is up to 500 times higher than for MoP bearings ([@CIT0037], [@CIT0028]). These nano-sized metal particles and metal ions from the MoM bearing and the trunnion of the neck junction are spread both locally and systemically. Phagocytosis of the nano-sized metal particles impairs osteoblastic activity, which may contribute to the cellular events that occur during aseptic loosening and soft tissue destruction ([@CIT0025]).

No previous studies have investigated the implant stability of large-head MoM THAs, and only a few studies have evaluated the stability of MoM hip resurfacing articulations (RHAs) ([@CIT0011], [@CIT0017], [@CIT0018], [@CIT0002], [@CIT0035], [@CIT0026]).

We hypothesized that MoM implant migration would be more extensive in patients with elevated serum metal ion levels than in patients whose serum metal ion levels were within the acceptable range (\< 7 µg/L), and that MoM implants would be well-fixed in those with acceptable serum metal ion levels.

Patients and methods {#ss1}
====================

A consecutive series of 41 patients who were below 65 years of age at the time of surgery and who had been diagnosed with either osteoartrosis (n = 24), sequelae of hip dysplasia (n = 6), or necrosis of the femoral head (n = 11) underwent large-head MoM THA at Aarhus University Hospital, Denmark, between August 2006 and October 2007. Exclusion criteria were fertile women and patients who were included in another ongoing research project at the department. Patients were followed with RSA postoperatively and at 1, 2 (double examinations), and 5 years---and with conventional radiographs postoperatively and at 5 years. In 2012, we completed a 5- to 7-year follow-up examination of all 41 patients with large-head MoM THA (31 men), mean age 52 (28--68) years. We considered elevated chromium and/or cobalt levels (\> 7 µg/L) to be a potential risk factor for MoM implant migration.

Surgery {#ss2}
-------

3 experienced orthopedic surgeons undertook the operations. A posterolateral approach was used in all patients, and all of them received an M2a-Magnum articulation. Patients were instructed to walk with weight bearing as tolerated for the first 6 weeks after surgery; thereafter, free loading and activity were allowed. 2 patients had postoperative complications: 1 had a superficial infection, which was treated with intravenous antibiotics (dicloxacillin), and the other had a temporary ischial nerve affection. 13 patients had bilateral hip articulations: 8 were bilateral M2a-Magnum articulations and the remaining 5 consisted of 3 hip resurfacing THAs (2 ReCap (Biomet) and 1 Birmingham Resurfacing Hip), 1 metal-on-ceramic (MoC) THA (DePuy), and 1 MoP THA (Biomet). 4 of the 8 bilateral M2a-Magnum articulations had only been followed with RSA on the left hip. For a correct statistical analysis, we excluded the right-hip data of those patients who had had bilateral M2a-Magnum articulations followed by RSA on both hips (4 hips) (bilateral hip-joint operations had been performed during the same operation). Right-hip data are presented in [Table 1](#s1){ref-type="supplementary-material"} (see Supplementary data).

Prosthesis {#ss3}
----------

Cementless Bi-Metric proximal hydroxyapatite (HA)-coated stems with MoM M2a-Magnum femoral heads and ReCap acetabular solid shells (Biomet Inc., Warsaw, IN) were used in all patients. The ReCap acetabular press-fit cup and the M2a-Magnum head are made of an "as-cast" high-carbon cobalt-chromium-molybdenum (CoCrMo) alloy. The system is modular at the head-neck junction. The head size is dependent upon the cup size, with the neck length being adjusted via adaptors inserted into the femoral head. The outer diameter of the ReCap cup is fully hemispherical (180°). It has 4 rim indentations for stable attachment of the locking impaction device. It is 6 mm thick at the dome and on average 3 mm thick at the rim. The radial clearance level of the M2a-Magnum articulation is maintained at 75--150 μm (Biomet design rationale). The stem and taper are made of titanium, aluminum, and vanadium alloy (TiAlVa) and lateralized stems have an increased taper and trunnion length.

Radiostereometric analysis {#ss4}
--------------------------

3--6 intraoperative 1.0-mm tantalum markers were inserted into the greater trochanter and another 4 into the lesser trochanter, forming a rigid-body reference. 2 fixed radiographic tubes with a 40° angle between them were positioned above the patient. MB-RSA version 3.2 (RSAcore, Leiden, the Netherlands) was used to calculate the implant migration. Stereoradiographs were obtained within the first postoperative week and at the 1-, 2-, and 5-year follow-ups. Implant migration was assessed on all 5 stereoradiographs using the postoperative stereoradiograph as the reference. The point of measurement was the center of gravity of the 3-dimensional computer-aided design (3D CAD) surface model/marker model in relation to the bone markers serving as the fixed rigid-body reference. Translations (implant movement along the axes) were expressed as x-translations (medial/lateral direction), y-translations (distal/proximal direction), and z-translations (anterior/posterior direction). Rotations were expressed as rotations about the x-axis (anterior/posterior), rotations about the y-axis (external/internal rotations), and rotations about the z-axis (adduction/abduction). The total translation (TT) and the total rotation (TR) were calculated by use of the Pythagorean theorem (TT = √(x^2^ + y^2^ + z^2^) and TR = √(x^2^ + y^2^ + z^2^)). The mean error of rigid-body-fitting, which represents the stability of the markers used for migration analysis, was set to 0.50 mm. An upper limit of ≤ 150 for the condition number (CN) has been suggested ([@CIT0040]). For the cups, the mean CN was 67 (95% CI: 53--80); for the stems, it was 26 (95% CI: 20--32). The mean difference in matching of the surface cup and the stem models to the radiographic contours was 0.15 (95% CI: 0.13--0.17) for the cups and 0.24 (CI95% CI: 0.22--0.26) for the stems.

Precision and sample size of radiostereometric analysis {#ss5}
-------------------------------------------------------

The precision of the RSA analyses was assessed by "double examination" of all patients ([@CIT0040]). 2 pairs of stereoradiographs from the same patient were recorded within 10--15 min at the 2-year follow-up. The postoperative stereoradiograph was used as the reference in migration analysis of the double examinations, and the expected difference in displacement between the 2 calculations represented the systematic error of the RSA system (bias); it should (optimally) be equal to zero. The mean difference between the double examinations is the systematic error of the system. The standard deviation of the difference between the 2 examinations (SD dif.) reflects the precision of the RSA results. The coefficient of repeatability (CR) (± 1.96 × SD dif.) reflects the lower limit within which it is possible to detect prosthetic migration on the individual basis of the system (Altman 2009) ([Table 2](#s1){ref-type="supplementary-material"}, see Supplementary data). All RSA analyses of implant migrations were performed in consensus between 2 observers. Owing to the high precision of RSA, it is possible to identify an excessively migrating prosthesis, and failure can be predicted with a sample size of 15--25 patients ([@CIT0040]).

Serum metal ion measurements {#ss6}
----------------------------

At the 5- to 7-year follow-up, blood samples were collected from all patients according to recent guidelines ([@CIT0029]). The first 3 samples in each case were used for other blood examinations to avoid chromium contamination from the steel needle ([@CIT0034], [@CIT0033]). The blood was collected in 6.0-mL Trace Element Serum (13 × 100 mm KFK359 tubes; 368380; BectonDickinson, Franklin Lakes, NJ) ([@CIT0003]) and centrifuged to separate the serum. All serum samples were examined by inductively coupled plasma mass spectrometry (ICP-MS) at Vejle Hospital, Denmark. We considered elevated levels of chromium and cobalt in the serum to be \> 7 µg/L ([@CIT0030]). Serum levels of leukocytes, CRP, creatinine, and GFR were also analyzed to screen for infection and renal impairment. All patients returned a questionnaire about possible work- or leisure-related chromium or cobalt exposure. We enquired about the patients' oral intake of minerals, if they had any tattoos, their profession, and about pastime activities involving cement, pottery glaze, or metal.

Dual-energy X-ray absorptiometry scans {#ss7}
--------------------------------------

Dual-energy X-ray absorptiometry (DXA) scans were performed at the 5- to 7-year follow-up with a GE Lunar Prodigy Advance 2005 DXA scanner; analyses were performed using enCORE software version 11.40. Bone mineral density (BMD) was measured in the lumbar spine and, if possible, in the femoral neck to assess the skeletal status of all patients. T-scores were interprented as recommended by the World Health Organization; T-scores of between --1 and --2.5 were classified as osteopenia, and T-scores below --2.5 were classified as osteoporosis. In the data analysis, osteopenia and osteoporosis were combined into one group designated "low BMD"; and T-scores between --1 and 4 in all anatomical areas were designated "normal BMD".

Radiography and clinical outcome measures {#ss8}
-----------------------------------------

At the 5- to 7-year follow-up, conventional radiographs and stereoradiographs of the pelvis and hip were assessed. During all stereoradiographs, the patients assumed standard positions: supine, body parallel to the examination table, and the big toes pointing straight up. Cup and stem positions were read from the model-based (MB) RSA software (RSAcore, Leiden, the Netherlands) using the positions of the fitted models on the 5-year stereoradiographs. The Harris hip score (HHS) ([@CIT0014]) (range 0--100) and the Oxford hip score (OHS) (range 0--48) were recorded at the 5- to 7-year follow-up. HHS scores from 90--100 and OHS scores from 40--48 were categorized as an excellent outcome, and scores below these levels were considered to be a risk factor for MoM implant migration.

Statistics {#ss9}
----------

All continuous variables were tested for normality (Shapiro-Wilk test). When data were not normally distributed, non-parametric tests (Mann-Whitney U-test and Wilcoxon rank-sum test) were used. When data were normally distributed, Satterthwaite's t-test was used. Calculations of the correlation coefficient (r) of independent variables were assessed using Spearman correlation analysis. Any p-value below 0.05 was considered statistically significant. All analyses were performed using STATA software version 11.

Ethics {#ss10}
------

All patients gave their informed consent regarding participation in this investigation. Data were kept anonymous and were treated confidentially. The follow-up was performed in accordance with the Helsinki Declaration II. The study was reported to the local ethics committee who accepted it as a quality study of the M2a THA, and it was approved by the Danish Data Protection Agency (June 27, 2012, journal no. 2007-58-0010).

Results {#ss11}
=======

Radiostereometric analysis {#ss12}
--------------------------

2 patients had no tantalum markers in the femur (1 bilateral), 7 cups (2 bilateral cases) could not be analyzed due to inadequate visualization of the tantalum markers (n = 3) or due to marker instability (n = 4), and 1 patient did not turn up for the 2-year RSA examination. This left 39 stems (36 cups) available for the 1- and 5-year RSA analyses and 38 stems (35 cups) for the 2-year double RSA analyses. Results of the 5-year RSA migrations are presented in [Table 3](#T3){ref-type="table"}.

###### 

Translations (mm) and rotations (°) for cups and stems at 5-year follow-up

  Variable   Translations cups (n = 36)   Translations stems (n = 39)   Rotations cups (n = 36)   Rotations stems (n = 39)                                                                                                  
  ---------- ---------------------------- ----------------------------- ------------------------- -------------------------- -------- -------- -------- ------ -------- -------- -------- ------ -------- -------- -------- ------
  Mean       --0.06                       0.46                          --0.33                    1.21                       0.05     --0.08   --0.27   0.79   --0.88   0.46     --0.74   2.63   0.07     0.96     --0.17   1.99
  SD         0.89                         0.47                          0.86                      0.74                       0.33     0.55     0.65     0.53   1.78     1.78     1.47     1.71   1.24     1.94     0.31     1.53
  Minimum    --1.68                       --0.50                        --3.53                    0.26                       --0.64   --1.84   --2.38   0.17   --6.89   --3.79   --3.76   0.35   --2.26   --2.85   --0.76   0.36
  Maximum    1.98                         1.60                          0.95                      3.88                       0.64     0.82     1.05     2.57   2.99     5.59     2.57     8.91   3.76     6.67     0.59     7.11

The total translation was calculated using the 3-D Pythagorean theorem (TT = √(x^2^ + y^2^ + z^2^).

The total rotation was calculated using the 3-D Pythagorean theorem (TR = √(x^2^ + y^2^ + z^2^).

Stem migration (TT) was not significant (p = 0.5) between the first year and the second year. However, between the second and the fifth year, mean stem migration (TT) was 0.13 mm (95% CI: --0.25 to 0.01), which was a significant (p = 0.03) but clinically very small migration ([Figures 1](#F1){ref-type="fig"}, [2](#s1){ref-type="supplementary-material"}, and [3](#F3){ref-type="fig"}). 5 male patients had stem migration above the detection limit (0.45 mm) from the second to the fifth year. These 5 patients had a mean TT of 0.86 (range 0.68--0.97) mm, which was different from that of patients without any measurable migration (n = 33; p \< 0.001) ([Figure 4](#F4){ref-type="fig"}). However, all 5 patients had serum metal ion levels below the recommended threshold level (7 µg/L), and serum metal ion levels were similar in patients with (n = 5) and without (n = 33) measurable stem migrations (p=0.65). There was no statistically significant subsidence (p = 0.1) or anteversion (p = 0.9) for the stems from the first to the fifth year. The cups had no measurable TT or TR during any of the time intervals (p \> 0.06) ([Figures 1](#F1){ref-type="fig"}, [2](#s1){ref-type="supplementary-material"}, and [3](#F3){ref-type="fig"}). Between the second and the fifth year, 4 patients had cup migrations above the TT detection limit (0.76 mm), with a mean of 1.47 (range 0.81--2.36) mm, and these cup migrations (n = 4) were significantly different from the migrations of cups (n = 31) that migrated below the detection limit (p \< 0.001) ([Figure 4](#F4){ref-type="fig"}). However, there was no difference in serum metal ion levels were similar in patients with and without measurable cup migrations (p = 0.61). At 5 years, the mean proximal cup migration was 0.46 mm (95% CI: 0.30--0.62), which was similar to the 1-year (p = 0.91) and the 2-year (p = 0.80) levels of cup migrations. There was an association between total OHS below 40 (n = 4) and cup migration (p = 0.04).

![Box plots of total translations (mm) in cups and stems at the 1-, 2-, and 5-year follow-up. The line in each box marks the median, the box shows the interquartile range, and the whiskers show the tenth and ninetieth percentiles.](ORT-85-355-g001){#F1}

![Total translations (TTs) for all individuals at the 1-, 2-, and 5-year follow-up.](ORT-85-355-g003){#F3}

![Dichotomized total translation (TT) for stems and cups between the second and the fifth year. Patients who had migrations above the precision limit of the method are represented on the right side of the plots, and patients with elevated serum metal ion concentrations are marked with red dots. The TT precision limit was 0.45 mm for stems and 0.76 mm for cups. 1 patient had both cup and stem migrations with TT above the precision limits (denoted 1)](ORT-85-355-g004){#F4}

Serum metal ion measurements {#ss13}
----------------------------

At the 5- to 7-year follow-up, serum ion concentrations were obtained from 41 patients. The mean cobalt level was 2.64 (0.57--21.5) µg/L and the mean chromium level was 3.79 (0.57--28.37) µg/L. In total, 4 patients (6 hips) had elevated serum metal ion concentrations (\> 7 µg/L). Of these, 2 patients reported a clicking or squeaking hip. According to the questionnaires on possible chromium or cobalt exposure, 2 patients had a tattoo and 1 patient worked with cement, but none of these patients had chromium or cobalt levels above 2.5 µg/l. The mean femoral head size in women was 46 (SD 3, range 42--52) and in men it was 50 (SD 3, range 46--54). The mean cup inclination angle was 45° (35--59), the mean cup anteversion angle was 17° (1--29), and the mean stem anteversion angle was 19° (2--35). Component positions between the sexes were similar (p \> 0.09). Cup inclination angles \> 50° were associated with higher levels of both chromium and cobalt (p = 0.004 and p = 0.006); the same was the case for female gender (p = 0.02 and p = 0.03) and for patients with femoral head sizes \< 50 and higher levels of chromium (p = 0.03) but not of cobalt (p = 0.25).

DXA scans {#ss14}
---------

The mean T-score in the low-BMD group (n = 10) was --1.92 (--2.40 to --1.40) and the mean T- score in the normal-BMD group (n = 29) was 0.44 (--0.01 to 0.90). Low BMD did not affect the magnitude of stem migration (TT) (p = 0.2), and there was no significant association between low BMD and elevated levels of serum chromium (p = 0.3) or cobalt (p = 0.2).

Radiography and clinical outcome measures {#ss15}
-----------------------------------------

The conventional radiographs revealed that in the period between the postoperative radiographs and the 5-year radiographs, 3 radiolucent lines (RLLs) and 2 small osteolyses in DeLee zones I and II around the cup had appeared, but they were not associated with elevated serum chromium and/or cobalt levels. There were no RLLs or osteolyses around the stem.

The mean OHS was 43 (8--48) and mean HHS was 89 (12--96). 2 patients had poor OHS and HHS outcome scores. One of these patients had been in a motorcycle accident prior to his hip surgery, and his low scores (HHS of 12 and OHS of 8) were related to neuropathic pain and a prolapsed disc, and at the 5-year follow-up he had almost no walking ability. His serum chromium and cobalt levels were 1.64 µg/L and 0.88 µg/L, respectively, and magnetic resonance imaging (MRI) and computed tomography (CT) scans were normal. Another male patient with an HHS of 62 and an OHS of 12 had experienced hip pain since undergoing MoM THA. His serum chromium and cobalt levels were 0.70 µg/L and 1.53 µg/L, respectively, and MRI and ultrasonography scans were normal. The patient was revised to a traditional MoP THA upon request, due to pain. During revision, the surgeon observed metallosis around the hip joint, but no cystic or solid masses. Both cup and stem were well-fixed. Septic lymphocyte-dominated vasculitis-associated lesion (ALVAL) scores were low (1--2). So far, the patient has been without pain since revision.

Discussion {#ss16}
==========

The aim of this 5- to 7-year longitudinal cohort study was to assess the stability of large-head MoM THA implants (ReCap Shell/M2a-Magnum head/Bi-Metric stem) and to investigate whether migration was more extensive in patients with elevated serum metal ion levels than in patients with acceptable serum metal ion levels. The mean migration of cups and stems indicated that, in general, the implants were well-fixed, and we found no association between MoM implant migration and elevated serum metal ions. Between the second and the fifth year, 5 stems and 4 cups (in 8 patients) had migrations above the TT detection limit, yet no stem migrated more than 1 mm TT and no cup migrated more than 2.36 mm TT, and these 8 patients were asymptomatic. We found no association between MoM implant migration and elevated serum chromium or cobalt levels.

Migration of the ReCap cup {#ss17}
--------------------------

The cups showed no statistically significant migration (TT or TR) during any of the time intervals. However, between the second and fifth year, 4 patients had measurable TT, i.e. migration above the detection limit of 0.76 mm TT. For acetabular cups, [@CIT0031] suggested that the risk of aseptic loosening is increased in the presence of a sagittal rotation of 2.53° and a proximal migration of 1.76 mm within the first 2 postoperative years ([@CIT0031]). In a systemic review and meta-analysis of 26 RSA studies and 49 survival studies, Pjils et al. (2012) found that cups with a 2-year proximal migration of between 0.2 and 1.0 mm were "at risk" of having revision rates above 5% at the 10-year postoperative check-up, and a proximal migration above 1 mm was "unacceptable", as revision rates were above 5% at 10 years postoperatively ([@CIT0036]). Comparing our results with those of [@CIT0031], we did not find any cups with a 2-year proximal cup migration above 1.76 mm, but 2 cups had sagittal cup rotations above 2.53° (i.e. 3.28° and 3.34°). When comparing the proximal cup migrations that we found reported here to the classification by [@CIT0036], we identified 17 cups "at risk" of revision (range 0.24--0.77) and 7 cups with "unacceptable" migrations (range 1.01--1.34). However, since our detection limit for proximal migration was 0.31 mm, any individual cup migration below this limit may be regarded as estimation uncertainty---not cup migration. Patients with cup migrations above the recommendations by [@CIT0031] and Pjils et al. (2012) were asymptomatic and had low serum metal ion levels.

Some RSA studies have evaluated the fixation in different brands of MoM hip resurfacing arthroplasties (HRAs): 2 of the ReCap (Biomet) ([@CIT0002], [@CIT0026]), 2 of the Birmingham Hip Component (BHR) (Smith & Nephew) ([@CIT0011], [@CIT0017], [@CIT0018]), and 1 of the ASR (DePuy) ([@CIT0035]). They all reported small total migrations of the resurfacing femoral component compared to those of conventional stems. Only the study of the BHR components also analyzed migration of the acetabular cup. The BHR cup and the ReCap cup have some similarities, as they are both made of as-cast material, they are fully hemispheric (180°), and they have a similar wall thickness at the rim; however, the coating in the bone-implant interface is different with a porous titanium plasma-spray hydroxyapatite-coated surface for the ReCap cups and a single layer of integrally cast CoCr-alloy bead-surface coated with hydroxyapatite for the BHR cups. At 5 years, the mean micromovement of the BHR acetabular cup was reported to be less than 0.11 mm (SD 0.26) for translations and less than 0.52° (SD 0.86) for rotations. These micromovements were smaller than those observed for the ReCap cup in our study, which indicates that the BHR acetabular cup is more stable than the ReCap cup. However, migrations of the BHR cup were measured by marker-based RSA and we used model-based RSA; thus, the size and shape of models used for analysis of implant migration were not alike. The precision of marker-based RSA depends on the configuration and the number of tantalum beads added to the shell and polyethylene, whereas the precision of model-based RSA depends on the geometry of the outer contour of an implant. Model-based RSA has a slightly lower precision than marker-based RSA, especially for the rotations ([@CIT0019], [@CIT0026]). We used model-based RSA for all analyses, and the symmetrical design of the hemispheric ReCap cup hampered the fitting of the cup model to the implant counter on the stereoradiographs---as there are only a few benchmarks (4 small flanches) on the outer surface of the cup, and these may not be visible in all patient-individual serial stereoradiographs. Furthermore, the large M2a-Magnum head made it difficult to differentiate between the contour of the head and the edge of the ReCap cup. Model-based and marker-based RSA methods have different precisions for different prosthetic designs and possible marker configurations, and comparison between studies using different models is therefore problematic ([@CIT0001], [@CIT0026]). We found the ReCap cup to be stable until the 5-year follow-up, although migrations were more extensive than those observed in a slightly different MoM hip arthroplasty acetabular cup ([@CIT0018]).

Migration of the Bi-metric stem {#ss18}
-------------------------------

We observed 2 statistically significant movements of the Bi-Metric stem; between the second and the fifth year, the mean TT for the stems was 0.13 mm (p = 0.03); and between the first and the second year, the mean TR was 0.32° (p = 0.04). However, both movements were clinically very small and within the detection limits of the method, and they may therefore be regarded as instances of estimation uncertainty. Patients with stem migration (TT) above the precision limits (n = 5) were all asymptomatic and had serum chromium and cobalt concentrations below 7 µg/L.

Within the first year, the mean Bi-Metric stem migration (TT) was 0.68 mm, and at the 5-year follow-up it had increased to 0.79mm, which indicates that the stems mainly migrated during the first year. Previous short-term RSA studies on uncemented stems have likewise identified maximum migration within the first year ([@CIT0038], [@CIT0005], [@CIT0012], [@CIT0039], [@CIT0006], [@CIT0023]). After this period, most successful stems migrate at low rates for the following 5--10 years. Stems that fail prematurely will show continuous migration; thus, it is essential to assess the individual implant migration. Subsidence is a clinically important measure of stem fixation. A subsidence level of 1.2 mm at 2-year follow-up has been found to be a strong indicator of early or medium-term revision for the cemented cobalt-chromium Lubinus SP 1 prosthesis (LINK) ([@CIT0020]). At 2 years, the Bi-Metric stems analyzed in our study had moved proximally by a mean distance of 0.10 mm, which is below the suggested risk limit and also below the detection limit for the y-axis of 0.43mm. The individual subsidence patterns revealed 1 stem with a 1-year subsidence of 1.7 mm, which is above the suggested limit of 1.2 mm; but between the first and the fifth year, this stem remained stable. However, the quantity of subsidence may be an indicator of later failure; it may not be the failure mechanism for all stem types, and different stems may have different migration patterns that can be deemed safe for good outcome ([@CIT0013]). The Bi-Metric stem has previously given excellent results, with a 10-year survival rate of 100% in patients with juvenile chronic arthritis ([@CIT0027]), and the Finnish Arthroplasty Register reported a 15-year survival rate of 95% ([@CIT0010]). We found 5 asymptomatic patients with stem migrations (TT) above the detection limit (range 0.68--0.97 mm), and these patients will be followed more closely in the future. No stems were revised and, apart from the 5 patients with measurable stem migrations, the individual migration patterns were in general not progressive or suggestive of loosening.

Serum metal ion measurements and DXA scans {#ss19}
------------------------------------------

We found that elevated serum metal ion levels were significantly associated with cup inclination angles above 50°, femoral head sizes below 50, and female sex. Previous studies have made similar observations, and it has been suggested that these factors may influence serum metal ion levels ([@CIT0041], [@CIT0007], [@CIT0015], [@CIT0016], [@CIT0022], [@CIT0008]). Even though we examined these associations from a relatively small number of patients, we judge them to be valid as they are comparable with and supportive of those found in previous studies of MoM hip articulations. We found no association between low systemic BMD and cup or stem migration. In patients with cemented THAs, low systemic BMD and bone reduction in Gruen zones 1 and 7 have been found to be predictive of late stem loosening ([@CIT0032]), but no association between periprosthetic bone loss and stem migration has been shown, as evaluated by RSA ([@CIT0024]).

Conclusion {#ss20}
----------

The majority of all cups and stems were well-fixed between 1 and 5 years after surgery. Between the second and the fifth year, 4 cups and 5 stems had migrations (TT) above the detection limit, but these measurable migrations were clinically small, the patients were asymptomatic, and they had serum metal ion levels similar to those in patients without MoM implant migration. Furthermore, patients with elevated serum metal ion levels had migration patterns comparable to those of patients with acceptable serum metal ion levels. Migration of the ReCap cup or the Bi-Metric stem of M2a-Magnum components is apparently not associated with elevated serum metal ion levels---and vice versa, elevated serum metal ion levels are not associated with more extensive migration of the cup and stem components at medium-term follow-up.

The RSA results of this study suggest that in future, good long-term fixation of the Bi-Metric stem and the ReCap acetabular cup of the M2a Magnum components can be expected. Although aseptic loosening and wear are 2 important reasons for implant failure, which can both be predicted by RSA, implant failure may also have other causes, and the absence of implant migration in RSA studies does not guarantee good long-term results. In agreement with the guidelines on RSA of implants and the guidelines for follow-up of MoM hip articulations, we will continue to follow this patient group with serum metal ion measurements, clinical observations, and radiological measurements including stereoradiography to evaluate the longer-term results.

Supplementary data {#ss21}
------------------

[Figure 2](#s1){ref-type="supplementary-material"} and [Tables 1](#s1){ref-type="supplementary-material"} and [2](#s1){ref-type="supplementary-material"}, are available at Acta's website ([www.actaorthop.org](www.actaorthop.org)), identification number 6563.

###### 
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